Objective: To assess the salt content of continental European convenience and ready meals.
Non-communicable diseases including CVD, diabetes, cancer and chronic respiratory diseases are the leading cause of death worldwide. Raised blood pressure as a major single risk factor for CVD is estimated to cause 7·5 million deaths per year (12·8 % of all global deaths) (1) . There is conclusive evidence that a high salt intake is associated with hypertension, which consequently increases the risk for CVD such as stroke or CHD (2) (3) (4) . To reduce blood pressure a limited salt intake is recommended and for adults should not exceed 6 g/d according to different expert committees (4) (5) (6) (7) (8) or 5 g/d according to the WHO (3) . The cost-effectiveness of salt reduction programmes to reach these intake levels and to prevent CVD has been demonstrated recently (9) (10) (11) (12) (13) . A saving of $US 10-24 billion in annual health-care costs with a population-wide reduced salt intake of 3 g/d has been estimated (10) . According to a recent WHO report, 'a reduced salt intake and salt content of food' is considered to be a 'best-buy' action that should be implemented as soon as possible to save lives by preventing diseases (1) . Besides the effects on blood pressure, a high salt intake may lead to the progression of renal disease, renal stones and stomach cancer and may be linked to the severity of asthma (2) . Despite these reports, the current average daily salt intake of most adult populations exceeds 6 g/d and in many, especially Asian, countries even 12 g/d. Also for children older than 5 years of age excessive salt intakes have been reported (14) . In Austria 47 % of women, 60 % of men, 72 % of girls and 78 % of boys (both aged 7-14 years) have salt intakes above 6 g/d (15) . In European and North American diets, most of the dietary sodium results from sodium chloride added to manufactured food (approximately 75 % of intake in the USA and the UK) (16, 17) . The main contributors are cereals and cereal products (including bakery products, pasta, rice and breakfast cereals) as well as meat and meat products (including bacon, ham, sausages and meat dishes) (18) (19) (20) (21) . Since the importance of convenience foods including fast foods, takeaways and ready meals is increasing steadily (22) (23) (24) , the salt content of this product group has to be considered when assessing the daily salt intake. Particularly the salt contents of fast food and takeaway meals are alarmingly high (25) (26) (27) (28) . The salt concentrations of convenience foods including ready meals, soups or pizzas that are available on the Australian and British market showed high variations within meals of the respective food groups (e.g. pizzas) (21, (29) (30) (31) (32) (33) . The same was true for the salt content of fast foods, which varied not only by the type of food, but also by producer and country of origin (25) . The combination of food reformulation with improved food labelling and initiatives to raise consumer awareness has already led to successful national-wide salt reduction programmes, e.g. in Finland and the UK (34) (35) (36) . Since the market for convenience products is growing steadily in continental Europe, there is a strong need to assess salt in ready meals and to develop further strategies to lower current salt intake levels as a public health tool.
Our aim was to assess the salt content of continental European ready meals within the European research project 'Double Fresh'. The objective of the project was to raise the overall quality of these meals. Therefore experts from different food science areas and nutrition worked together with small-and medium-sized enterprises to improve sensory properties and nutritional composition and cover the food safety aspects of these meals (project no. FOOD-CT-2006-23182; www.doublefresh.eu).
To assess the salt content our investigations were divided into three sequenced sections. First, ready meals offered on the continental European market were analysed in the laboratory. In the second stage, our objective was to assist the food company partners in developing new salt-reduced products and to evaluate the process of meal reformulation. Hence, we established basic, easily understandable nutritional guidelines and further analysed the salt levels of the newly developed meals. In order to include a higher number of meals, we comprehensively evaluated the labelled salt contents of convenience foods sold by Austrian retailers.
Experimental methods

Samples
Ready meals from the European market (n 32) A total of thirty-two ready meals offered to European consumers in supermarkets were investigated.
All meals met the definition of home-meal replacements published by Costa et al. (37) . They represented main dishes comprising all typical components (a protein component such as meat/fish, a starchy component such as rice/potatoes/ noodles, vegetables and/or a sauce). No addition of further ingredients was necessary in the course of preparation. The meals were chilled (n 25), frozen (n 5) or stored at room temperature (n 2).
Of the analysed ready meals, 63 % contained meat, 16 % were meat products (sausages or bacon) and 16 % contained fish (salmon, catfish or pollock). The remaining 5 % were vegetarian meals. The starchy component in 41 % of all analysed ready meals was rice, 25 % contained potatoes, 22 % noodles and 16 % of all meals included other components (e.g. dumplings). Nearly all meals contained a sauce and half of the meals different vegetables, legumes or fruits in an amount of more than 10 % (w/w). The detailed ingredient lists according to the producer labelling are presented in the online supplementary material, supplemental Table S1 .
Twelve ready meals were provided from food industry partners of the 'Double Fresh' project. Of those ready meals five originated from the Scandinavian region, five from the Benelux countries and another two from Central Europe. The twenty Austrian ready meals from the most popular brands were sampled at retailers (leading markets as well as discount markets).
The main selection criteria were sales figures (available through personal contact with food companies) and the food type. Frequently sold meals are often eaten and hence have a greater impact on consumers' health than other meals.
Newly developed ready meals (n 7) As already described the food industry partners developed seven supposedly salt-reduced meals, which were analysed for their salt contents. All of these meals were chilled and met the above-mentioned definition of home-meal replacements. From these meals, four contained meat, two meals fish (salmon) and one meal was vegetarian. As side dish rice was chosen for two meals, noodles for two meals and potatoes for three meals. All of the analysed optimized meals contained vegetables and a sauce. The lists of ingredients are available in supplemental Table S1 .
Convenience foods from the Austrian market (n 572) For a comprehensive survey of convenience foods from the Austrian market, ready meals that met the abovementioned criteria but also main dishes without accompaniment, soups, hot sweet dishes (except for desserts), cold sandwiches and salads were sampled one year after the laboratory analyses. All meals were ready-made and only had to be heated before consumption either without adding any further ingredients or with adding some water, milk and/or oil. Fourteen of the twenty laboratoryanalysed meals were still available on the market and thus included in the survey.
The collected ready meals were categorized into the following meal types: soups, pasta dishes, meat meals, pizzas, sweet meals, cold meals, salads, savoury dumplings, meals with potatoes/legumes/grains, fish meals and other meals.
The definitions of each category including some examples can be found in the online supplementary material, supplemental Table S2 .
Analyses
Sample preparation
Ready meals were heated with a microwave oven on the respective last days of shelf life as instructed on the packages (time and wattage). One meal was heated with an electric cooker and another one in the oven.
After preparation the meals were weighed, immediately cooled on dry ice, homogenized (Mixer B-400; Büchi, Flawil, Switzerland) and stored at − 80°C under nitrogen head space until further analyses (no longer than 4 weeks).
The edible portion of each meal was 100 %. The sample size was one package, which was in most cases equivalent to one serving.
Five sub-samples per meal were taken for the nonAustrian and two for the Austrian meals. The sub-samples were selected from the same batch and analysed in duplicate.
Determination of the salt content
The chloride or sodium present in the meals is added as salt during food processing. Consequently, the salt content can be calculated stoichiometrically from the ready meals' chloride content, which was determined by a modified method of Mohr (38) . The method's reproducibility was verified by calculating relative standard deviation from measuring a control food sample (beef goulash with noodles) ten times on one day and alongside the regular samples' analyses. The mean value for salt was 1·18 g/100 g. The relative standard deviation from one day was 1·67 % and between days was 1·59 %.
Systemic survey of Austrian convenience foods
Data collection process A total of 572 Austrian convenience foods from eight major food manufacturers (Knorr, Chef Menü, Iglo, Inzersdorfer, Wagner, Maggi, Spar Feine Küche and Dr. Oetker) and from one company providing organic products (Natur Compagnie) were included in the study. Data were collected at the supermarkets or from the companies' web pages or by personal contact with the companies. In-store data were recorded either by manual transcription into a record book or by photography of the item. All data were entered into a bespoke spreadsheet.
Product information collected
For each convenience food the brand name, product name, manufacturer, package size, number of portions per package, complete list of ingredients and the declaration of nutrients were collected. If only the sodium content was declared, salt was calculated by multiplying by 2·542.
Data presentation, comparison with recommended dietary salt intake levels and statistical analyses All data were calculated per 100 g as well as per serving. From the collected data the number of products, the mean or median (depending on data distribution) and the range of salt contents were calculated in total, by meal category and by company.
The numbers of meals containing salt concentrations higher than the published targeted average salt intake level of 6 g/d (4) (5) (6) (7) (8) and the WHO recommendation of 5 g/d (3) for a main meal ( = 30 % of the RDA) as well as for daily intake (100 %) were calculated.
The mean salt content of the ready meals originally available on the European market was compared with that from the newly developed ready meals with a Student's t test since all data were normally distributed. To determine whether there were differences between the Austrian convenience foods depending on the meal type category and the producing company, the data (not normally distributed) were analysed by performing both the Kruskal-Wallis H test and the Mann-Whitney U test with Bonferroni adjustment for multiple testing. Statistical differences were considered significant at P < 0·05. All statistical analyses were performed using the statistical software package IBM SPSS Statistics version 20·0 for Microsoft Windows.
Results and discussion
The analysed salt concentrations of ready meals offered at European supermarkets and of the newly developed supposedly salt-reduced meals are shown in Table 1 . The results of the comprehensive survey of Austrian convenience products overall and divided into the various meal type categories are shown in Table 2 .
Ready meals available on the continental European market (n 32) Salt contents in g/100 g In total, the average salt content was 1·38 g/100 g. The salt contents of most meals ranged from 1 g/100 g to 2 g/100 g ( Table 1 ). Salt content of < 1 g/100 g was found in salmon with pasta and vegetables; salmon with potatoes and sauce; chicken risotto with mango sauce; and chicken with carrots, peas and potatoes. The highest contents of > 2 g/100 g were found in roast pork with dumplings and Chinese chicken with rice. Significant differences in salt based on meal types (e.g. meat-based v. fish-based v. vegetarian) were not found.
Comparison of the salt contents (g/portion) with the targeted daily salt intake levels The salt concentration per portion varied from 3·36 g to 7·72 g, with an average of 5·16 g/portion. Since all of the ready meals analysed were designed to replace one complete main course ( = 30 % of the RDA), their nutritional values were assessed by comparing the salt concentrations with both 30 % and 100 % of the targeted average daily salt intake for adults.
As shown in Table 3 , all ready meals analysed exceeded 30 % of the targeted average daily salt intake, which depending on the reference is either 1·8 g (4) (5) (6) (7) (8) or 1·5 g (3) . More than 50 % of the meals exceeded the more restrictive targeted daily intake level of 5 g (3) and almost 20 % were above the more liberally set 6 g (4) (5) (6) (7) (8) .
Comparison of our data with studies from the UK and Australia As reported, high salt levels in all analysed continental European ready meals were found. In comparison with a survey of 265 Australian ready meals that showed a mean salt content of 0·70 g/100 g and a maximum value of 1·98 g/100 g (32) , the average salt content analysed in the present study was higher, but the maximum levels were in the same range.
Back in 2003 ready meals with nearly 6 g salt per serving were also available on the British market (39) . However, four years later, after having implemented a national-wide governmentally led salt reduction campaign that combined consumer education, front-of-pack labelling and a voluntary food reformulation process (36) , the average salt content of ready meals was successfully reduced to 0·49 g/100 g, with no meal containing more than 1 g/100 g. Regarding the portion size only 7 % of the meals exceeded 3 g salt/serving, which is half of an adult's maximum daily recommended intake (33) . *One serving is equivalent to the package size. †The package sizes of two meals were larger than one serving and therefore their portion sizes were estimated.
Thus, for ready meals in the UK combined governmental and food industrial efforts achieved a significant reduction of the meals' average salt contents from 2003 to 2007 (33) . In contrast, average salt reduction in Australian ready meals failed (32) . The authors of the study identified as a major reason for the failure the lack of any coordinated salt reduction strategies from industry as a consequence of the missing governmental leadership. Until now there are still no salt reduction targets for ready meals set in Australia. Additionally, the programme is voluntary and there is no systemic and objective monitoring (32) . The results of our study indicate that the salt contents of all analysed continental European ready meals are too high. Therefore, the next step within the project was to develop new salt-reduced ready meals in cooperation with food-producing companies. The results of this food reformulation process are presented in the following section.
Nutrient composition of newly developed ready meals (n 7)
Establishing basic nutritional guidelines for the meal reformulation process Easily understandable recommendations for the food producers to develop healthier meals with lower salt contents were established and together with other guidelines for improving the nutritional quality of ready meals, were published in various continental European trade journals, either in print or on the journals' web sites (40) to reach as many companies and retailers as possible. Regarding the salt content, the overall message was to use salt only in a limited amount and to improve taste with alternatives such as spices and herbs. We also emphasized the importance of a low amount of salt for the development of child-specific ready meals to avoid that children's taste adapts on salty.
Salt contents in g/100 g and in g/portion
The mean salt content of the newly developed meals was 0·90 g/100 g, ranging from 0·56 to 1·27 g/100 g. In comparison to the previously available ready meals that had been analysed, their salt levels were significantly lower (0·9 g/100 g v. 1·38 g/100 g; P = 0·001), which refers to an effective implementation of meal reformulation guidelines.
Taking the portion size into account, the salt content varied from 2·47 to 4·83 g/serving, with a mean of 3·65 g/serving. There were no meals exceeding previously mentioned targeted daily intake levels (3) (4) (5) (6) (7) (8) . However, all newly developed ready meals yet exceeded the 30 % threshold of the recommendations for one main meal (Table 3) .
Furthermore, the sensory attributes of two newly developed ready meals were tested in a consumer panel with 112 Norwegian adults (46 % males and 54 % females; 38 % 24-39 years of age, 42 % 40-55 years of age and 20 % 56-72 years of age). Despite their lower salt concentration (4) (5) (6) (7) (8) . †Source: WHO (2012) (3) . ‡Median used because data were not normally distributed.
overall consumer acceptance including the flavour of both meals was rated very high (5·0 and 5·7, respectively, on a scale 1 = very dissatisfied and 7 = very satisfied) (41) . In summary, our results show that a stepwise salt reduction through the process of meal reformulation is necessary and achievable. Additionally, the data of the two sensory tested ready meals (chicken with rice and vegetables; salmon with pasta and cauliflower) suggest the possibility of salt reduction without compromising the sensory quality and shelf life of the products.
Comprehensive survey of Austrian convenience foods (n 572) Nutrient declaration labels on 572 convenience foods from the Austrian market were collected. Sodium or salt contents were available for only 233 products (41 % of all). The overall average level of all convenience foods was 1·07 g salt/100 g or 3·18 g salt/portion (Table 2) . Differences in salt content by meal type category and meal-producing company As is shown in Table 2 pizzas had the highest salt content, followed by pasta dishes and savoury dumplings. Pizzas and pasta dishes contained significantly more salt per serving than soups (P < 0·001) and sweet meals (P < 0·001). Furthermore the pizzas' salt contents were higher than those of meat meals (P < 0·001), fish meals (P < 0·001) and cold meals (P < 0·001). Data from Australia and the UK collected from 2007 to 2009 report similar salt levels for pizzas (21, 29, 31) as were found within the present study. The lowest median salt content was found in sweet meals, followed by soups, 'other meals' and fish meals.
Variations of salt in apparently similar convenience meals Interestingly, large variations were found not only between the different meal type categories, but also within meal groups (Table 2) . Additionally, the salt contents of apparently similar ready meals produced by different companies were found to vary explicitly. For instance, a chilled pasta Bolognese showed a much lower salt content of 0·51 g/100 g as compared with another company's analogous meal having 1·27 g salt/100 g. This variation was also mirrored in other meal type categories. In the soups category, for instance, two competitive alphabet soups containing 1·02 and 1·53 g salt/100 g were found.
For pizzas some products that were advertised as fat reduced and supposedly healthier were found to be higher in salt (1·73 g/100 g) than the standard versions (1·53 g/100 g; 12 % less salt).
Although sweet meals on average had the lowest salt levels, a typical Austrian dish called Mohnnudeln (potato noodles with melted butter and poppy seeds) was one of the meals with the highest salt content of all (6·36 g/100 g). However, similar meals of competing companies showed a considerably lower salt content of 0·25 g/100 g (Mohnnudeln with apple sauce).
The discussed variations found in the present study were also observed in other studies from the UK and Australia (32, 33) .
Comparison of the salt contents in g/portion with the targeted daily salt intake levels Our results show that the salt contents of approximately 90 % of all investigated Austrian convenience products exceeded 30 % of the recommended targeted daily salt intake levels (3) (4) (5) (6) (7) (8) (Table 2 ). In seven out of eleven meal type categories (e.g. pizzas, pasta dishes or soups) all sampled meals contained more salt per portion relative to the targeted intake level of 1·5 g.
Twenty-one per cent of all meals, 52 % of pizzas, 33 % of pasta dishes and 14 % of meat meals had even higher salt concentrations than what is targeted by the WHO (5 g/d) .
In summary, our results demonstrate that despite the above discussed large variations nearly all convenience products from the Austrian market are too high in salt.
Public health aspect
Our study proves that the salt contents of continental European ready meals and in particular those of Austrian convenience foods mostly exceed the targeted intake levels defined for one main meal (30 %) and some even the daily recommended dose (100 %). As the negative health effects of a high salt intake are well known and convenience foods play an important role in the daily diet, a salt reduction is crucial.
Most salt was found in pizzas and pasta dishes, the lowest concentrations in sweet meals. Large variations of the salt (4) (5) (6) (7) (8) . †Source: WHO (2012) (3) .
levels (in total from 0·23 to 7·37 g/100 g) were found not only between and within the different meal type categories, but also between similar meals from different companies. In one case, for instance, a pasta dish contains 149 % more salt than the same meal from a competitive producer. Furthermore, our data suggest that a stepwise reduction of the ready meals' salt content by meal reformulation is feasible without compromising the sensory quality. This is supported by successful salt reduction programmes implemented in the UK and Finland (33, 35, 36) and confirmed by a study on fast food (25) . That study's authors concluded that in the right regulatory context fast-food producers are probably able to reduce their products' salt contents considerably.
In Austria, however, there is no regulatory approach for reducing the salt content of convenience products in place. Moreover, a media campaign to raise consumer awareness regarding the negative impact of a high-salt diet on human health is missing and in 40 % of the meals declaration of the sodium and/or salt content is unavailable. This makes it difficult for consumers to choose between low-and high-salt options.
The current issue of high salt contents is comparable to the high levels of trans-fatty acids in convenience products and fast foods some years ago. Comprehensive investigations on the trans-fatty acid contents of various Austrian products confirmed that a harmful intake of trans-fatty acids was possible (42) . From there on, the government regulated the allowed amount of trans-fatty acids in foods by law (43) . This led to national-wide food reformulations by the food industry with the consequence that there are hardly any products with high trans-fatty acid levels on the market any longer.
Food reformulation is a 'key option to achieve population nutrition goals' (44) and so far some examples such as the Finnish salt reduction initiative have shown positive effects on human health. A key part of this initiative is the mandatory salt labelling which led to the disappearance of many highly salted foods from the market and a greater variety of salt-reduced products (45) . Thereby, the public health initiatives in Finland led to a significantly lower salt intake that is reflected by a decrease in the 24 h urinary sodium excretion during the last 20 years (46) . Besides, a reduction in the average blood pressure by more than 10 mmHg and a 75 % to 80 % decrease in mortality from both stroke and CHD could be observed (47) . These results are specifically important with regard to a different Finnish cohort study, which showed that a 100 mmol higher 24 h urinary sodium excretion led to a 51 % increased risk for CHD, a 45 % increased risk for CVD and a 26 % increased risk for all-cause mortality (48) . Asaria et al. (9) demonstrated that 8·5 million cardiovascular deaths in twenty-three countries could be averted by a 15 % mean population salt intake reduction over a period of 10 years. The costs for implementing an adequate salt reduction programme were estimated to be $US 0·09 per person per year.
Conclusion
A governmental-led strategy as is successfully established in the UK or Finland would be a good option to lower the salt content of Austrian and Central European convenience products including ready meals. Based on studies from the UK, Finland and Australia, it seems that legislation with either governmentally set salt reduction targets for various food groups or with mandatory labelling of the salt contents would be a more efficient way to successfully reduce the salt concentrations of foods than a voluntary-based programme without any monitoring.
Either way, an effective governmental-led salt reduction programme would result in a population-wide lower salt intake with a beneficial impact on blood pressure. Thus medical care costs and lives could be saved through the prevention of CVD.
